Broad-host-range IncP plasmid RK2 possesses a series of operons involved in plasmid maintenance, whose expression is coordinated by a number of regulators, most of which are encoded in the central regulatory korA-korB operon. The Broad-host-range plasmids belonging to Escherichia coli incompatibility group P (IncP), the best-characterized members of which are the group of indistinguishable plasmids RK2, RP4, RP1, R18, and R68 ( Fig. 1 ; reviewed in reference 48), are capable of replicatiop and stable inheritance in and transfer between most gram-negative bacterial species (reviewed in reference 45 and 15, respectively). Replication depends on a cis-acting sequence oriV (6, 41) and the polypeptide products of the trfA gene (35, 40), whose transcription is known to be repressed by the products of the genes korA, korB, and korE (34, 36, 51). The kor genes were originally identified as the regulators (override functions) of potentially host-lethal genes (kil genes) (9). The best-studied kor genes, korA and korB, are in a single operon and coordinate the transcription of many other operons (2, 3, 34, 38, 39, 43, 47, 51, 52) . In addition, the korA-korB operon encodes partitioning functions related to the sopABC functions of F and the parABS functions of P1 (27). Downstream from the korA-korB operon, we recently identified a new, monocistronic operon, designated AfrA (korF regulated), which is repressed by both korA and korF (49). The korF locus was identified during studies of the regulation of kfrA transcription, and we designated it korF because of its action in repressing a gene also repressed by other kor functions. Here we present the nucleotide sequence of the korF region. We show that it encodes two polypeptides, each of which can repress transcription of the kfrA and trfA operons, and that the korF locus can modulate the activity of at least one other regulatory protein.
essential plasmid replication protein TrfA) operons. In addition, the korF loci allow korB to repress kfrA transcription. Both polypeptides contain hydrophobic segments, suggesting that they may be membrane associated. KorFI is highly basic protein whose predicted properties are similar to those of histone like proteins.
Broad-host-range plasmids belonging to Escherichia coli incompatibility group P (IncP), the best-characterized members of which are the group of indistinguishable plasmids RK2, RP4, RP1, R18, and R68 ( Fig. 1 ; reviewed in reference 48) , are capable of replicatiop and stable inheritance in and transfer between most gram-negative bacterial species (reviewed in reference 45 and 15, respectively). Replication depends on a cis-acting sequence oriV (6, 41) and the polypeptide products of the trfA gene (35, 40) , whose transcription is known to be repressed by the products of the genes korA, korB, and korE (34, 36, 51) . The kor genes were originally identified as the regulators (override functions) of potentially host-lethal genes (kil genes) (9) . The best-studied kor genes, korA and korB, are in a single operon and coordinate the transcription of many other operons (2, 3, 34, 38, 39, 43, 47, 51, 52) . In addition, the korA-korB operon encodes partitioning functions related to the sopABC functions of F and the parABS functions of P1 (27) . Downstream from the korA-korB operon, we recently identified a new, monocistronic operon, designated AfrA (korF regulated), which is repressed by both korA and korF (49) . The korF locus was identified during studies of the regulation of kfrA transcription, and we designated it korF because of its action in repressing a gene also repressed by other kor functions. Here we present the nucleotide sequence of the korF region. We show that it encodes two polypeptides, each of which can repress transcription of the kfrA and trfA operons, and that the korF locus can modulate the activity of at least one other regulatory protein.
MATERIALS AND METHODS
Bacterial strains and growth conditions. E. coli K-12 strains used were C600K (thr-l leu-6 thi-l lacYl supE44 tonA21 galK) (25) , NEM259 (met trpR supE supF hsdRM+S+) (28) , and CSR603, a recAl phr-l derivative of AB1886 (thr-l leu-6 tsx-33 sup-37 uvrA6) from D. R. Helinski. Plasmids used are listed in Table 1 . Bacteria were grown in L broth or M9Caa medium (20) , galactose MacConkey agar (12) , or L agar (1.5% [wt/vol] agar added to L broth). All cultures were grown with shaking at 37°C. Antibiotic resistance was selected by addition of benzylpenicillin (sodium salt at 100 ,ug/ml in liquid medium and 300 pug/ml in solid medium) for Pnr, kanamycin sulfate (50 ,uglml) for Kmr, streptomycin sulfate (30 ,ug/ml) for Smr, and tetracycline hydrochloride (10 ,ug/ml) for Tcr. Induction of the tac promoter (tacp) was achieved by addition of 1 mM (final concentration) IPTG (isopropyl--D-thiogalactoside).
In vitro manipulation and analysis of DNA. Plasmid DNA was prepared on both small and large scales by the alkalinesodium dodecyl sulfate (SDS) method (4) (17) preceding the korFI ORF, although there is a 70-bp intercistronic region between the end of korB and the start of korFI. There is an inverted repeat in this region, but it is not followed by a run of T residues and therefore does not resemble a rho-independent transcriptional terminator, although it could be part of a rho-dependent terminator (31) . Previous Northern (RNA) blot analysis (3) revealed the presence of a 4,000-nucleotide transcript from the korAp which should correspond to a transcript from coordinates 59.3 to 55.3 kb, which would include the korF region. The same experiment also showed a shorter (2,700-nucleotide) species which may correspond to a pause in 3'-to-5' degradation of the mRNA or to a degree of termination between korB and korF. A sequence with good homology to a rho-independent transcriptional terminator is found 21 bp downstream of the korFII ORF. This sequence is the same as that identified just upstream of the kfrAp region (49) . The sequence presented in Fig. 2 therefore fills the gap between korB and kfrA and represents the final two cistrons in the korA-korB operon.
Both the korFI and korFII ORFs are preceded by good Shine-Dalgarno (SD) sequences (13) . The korFI SD sequence (AGGAGG) is separated by 8 nucleotides from the putative start codon and is located in an intercistronic region. There is no obvious secondary structure which might interfere with efficient initiation of translation. The korFII start codon overlaps the korFI ORF, while its SD sequence (GAGG) is separated by 7 nucleotides from the putative start codon. Although the overlap between korFI and korFII raises the possibility of some degree of translational coupling between korFI and korFII, there is no obvious secondary A. 25 30 structure feature which might necessitate ribosomes translating korFI to provide access to the korFII SD sequence. The G+C content of the korF region is 66.6%, a level similar to that of other IncP plasmid replication and maintenance functions which have been sequenced (2, 21, 40, 43, 46, 47) . In line with this, the codon usage in both ORFs is biased in favor of triplets with G or C in the third position as found for other RK2 genes as well as genes from Pseudomonas spp., in which it seems likely the IncP plasmids originated.
Deletion analysis and identification of korF polypeptide products. To identify the korF polypeptides and to analyze their individual activities, BAL 31 was used to generate a series of deletions in the 2-kb incC-to-kfrA EcoRV-SphI fragment (RK2 coordinates 57.65 to 55.65). These deletions progressively remove either upstream or downstream sequences and should leave either korFII or korFI on its own. After accurate mapping and sequencing of deletion endpoints, a number of derivatives were chosen (Fig. 3) . Subcloning was used to introduce each segment into the same backbone of pCT673 and place it under tacp control (Materials and Methods).
A series of the plasmids was introduced into the maxicell strain CSR603, and the polypeptides produced were analyzed before and after IPTG induction (Fig. 4) . Two polypeptide bands of approximately the right Mr were observed in a plasmid with the complete korF region (plasmid pGBT29). Deletion A4, which removed part of the predicted korFI ORF (Fig. 2) , led to the production of only one polypeptide (pGBT29-A4; Fig. 4 ), which disappeared when deletions (A6, A8, and A10) extended into the predicted korFII ORF (pGBT29-A10; Fig. 4 ). Although deletion A6 removed the first 16 nucleotides of the predicted korFII coding sequence and no longer produced a clear Mr-18,500 polypeptide band after IPTG induction, it nevertheless retained a KorFII+ phenotype (see next section). On further inspection, this finding can be explained by the presence of a second ATG codon in the korFII ORF in such a position that insertion of the HindIII linker in A6 creates a wellplaced SD sequence just upstream of it. A truncated KorFII is therefore likely to be produced but does not accumulate as the wild-type protein. This result supports our deduced location for the start of korFII.
Deletion B4 (Fig. 2) showed the presence of both korF products (data not shown), whereas deletions B6 and B8 (pGBT29-B8; Fig. 4 ) produced only one polypeptide of Mr 22,500. Deletion B10 (pGBT29-B1O; Fig. 4 ), which removed one-third of the korFI coding sequence from the 3' end, led to the synthesis of a truncated product of approximate Mr 18,000. Thus, comparison of deletion derivatives allowed us to identify the Mr-22,500 polypeptide as KorFI and the Mr-18,500 polypeptide as KorFII. The difference in the relative mobilities despite very similar predicted molecular weights may result from the two polypeptides having different net charges (+13 for KorFI and +4 for KorFII) or to the higher proline content of KorFI (15 of 173 amino acids versus 11 of 175 amino acids for KorFII), since this is known to cause decreased mobility in SDS-polyacrylamide gel electrophoresis (18) .
Both KorFI and KorFII are transcriptional repressors. The phenotype that originally identified the korF locus was the repression of kfrA transcription (49) . We therefore tested the ability of plasmids carrying both korFI and korFII or each on its own to repress transcription from the kfrAp-xylE gene fusion present in the cells on a compatible plasmid. Both korFl and korFII were able to repress IkfrA transcription between three-and fivefold ( Table 2) . Deletion of either one of the genes, leaving the other, did not cause significant derepression, indicating that each gene product can act independently and suggesting either that their inhibitory effect is not cumulative or that derepression of the second gene occurs when one gene is inactivated. This latter situation certainly seems to apply to korFII, since in maxicells its level was elevated when korFI was inactivated by the deletion (compare pGBT29 + IPTG and pGBT29-A4 + IPTG in Fig. 4) .
Although the products of korF loci clearly repressed transcription from the kfrAp, this may not be a specific effect. Therefore, we also tested the effect of these korF loci on appropriate plasmids with the trfAp and kerAp linked to xylE promoter probe gene. Both korF loci repressed transcription from the trfAp (Table 3) . Interestingly, the levels of repression of trfAp by korFI and korFIlI were significantly different, korFII having the smaller effect. This result suggests that although KorFI and KorFII may be able to substitute for each other, they must have distinct DNAbinding specificities. They have no inhibitory effect on the kerAp in plasmid pCT720 (data not shown), indicating that the repression is unlikely to be due to some sort of general interference with RNA polymerase activity. (Table 4 ). The korB gene alone had no effect even if overexpressed by transcription from the tacp in pMMV811 (Table 4) , but in the presence of the korF locus, korB caused an additional eight-to ninefold repression. Examination of the kfrAp region sequence revealed a segment which differed from the proposed KorB operator, OB (37) , at only one position (Fig. 2, Kilobase coordinates shown on the map and at the endpoints of the BAL 31-generated deletions were determined from the RK2 DNA sequence, with the EcoRI site as 0/60 kb. The solid bars above the map are the polypeptides encoded. Only the C-terminus of IncC and the N-terminus of KfrA are encoded in this segment. (b) Structure of pGBT40 containing the kfrAp upstream of xyIE, which was used to assay the transcriptional repression exerted on kfrA by various segments of RK2 shown in panel a. pGBT40 was constructed by first inserting into pCT570 the kfrAp BamHI-HindIII fragment from pCT730 and then inserting the EcoRI xylE-containing fragment from pMMB25. The structure of pGBT41 is similar to that of pGBT40 except that instead of a wild-type kfrAp it contains a kfrAp (from pCT731) which has the upstream sequences deleted to the position shown in Fig. 2 (deletion 20). 1290 to 1302) and overlapped the proposed secondary kfrAp. Repression of kfrA transcription by korB in the presence of korF was only observed with the full kfrAp region; deletion of sequences upstream of the primary promoter -35 region resulted in loss of sensitivity (pGBT41; data not shown).
DISCUSSION
The nucleotide sequence presented in this report joins together the korA-incC-korB segment (2, 21, 43, 47) 45) .
The KorFI primary sequence indicates that it is a highly basic protein (27 arginine plus lysine; 14 aspartic acid plus glutamic acid), although it has a hydrophobic N-terminal tail which may provide membrane attachment. KorFI has a high proline content, and current predictive methods (5, 11) suggest that it has a central region which is largely random coil with no a helix and little a sheet (Fig. 5) . The ends of the polypeptide are likely to be more structured. KorFII is only slightly basic (26 arginine plus lysine; 22 aspartic acid plus glutamic acid). Apart from a very hydrophilic N terminus (TDEQKKR; seven hydrophilic residues, including two acidic and three basic residues), these charged side chains are concentrated (35 of 48) in the C-terminal half of the protein, which is nearly neutral (one excess basic side chain). Between these two hydrophilic segments is an extremely hydrophobic segment (Fig. 5 ) which may possibly form four transmembrane sections. The polypeptide is predicted to have more structure than KorFI, of both at helix and c sheet. Neither KorFI nor KorFII contains obvious DNA-binding motifs such as the classic at helix-turn-o helix (29) , nor do they possess obvious signal sequences for transport out of the cell across the bacterial membranes (50) . Searches of the available data bases failed to reveal any candidates for obvious relatives of either KorFI or KorFII.
KorFI is similar in many respects to the bacterial histone like proteins HU and IHF (8) , although primary sequence comparisons do not reveal any significant homology. IHF Table 2 , footnote b. The kfrA-xyIE plasmid was pGBT40 (Fig. 3 ).
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